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(54) HIGH TOUGHNESS COATED SINTERED ALLOY 

(57)Abstract: 

PURPOSE: To improve shock and chipping resistances as well as to enhance strength by 
forming a coating film of Ti carbide, Ti nitride, etc. on a cemented carbide or cermet substrate 
and applying compressive residual stress to a surface layer part of the substrate. 
CONSTITUTION: A single- or multilayered coating film free from cracks in the surface is formed 
on the surface of a substrate consisting of 2~25wt.% bonding phase of Co, Ni or a solid soln. 
alloy based on Co and/or Ni and a hard phase of at least one selected from among carbides, 
nitrides, oxycarbides and oxynitrides of groups IVa, Va and Via metals of the Periodic Table and 
mutual solid solns. of such compds., and >30kgf/mm2 compressive stress is applied to the hard 
phase at 50mm depth from the surface of the substrate to obtain the objective coated sintered 
alloy. The thickness of the coating film is preferably regulated to 0.5-1 5. 0|im, the coating film is 
preferably formed with carbide or nitride of Ti, Ti~AI or Ti-Zr and the stress is applied by shot 
peening or other 
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CLAIMS 



[Claim(s)] 

[Claim 1]2 to 25 % of the weight of binder phases which become with a 
dissolution alloy which contains Co, nickel or Co, and/or nickel as the main 
ingredients, At least one sort of hard phases as which the remainder was chosen 
from 4a and 5a of the periodic table, carbide of 6a group metal, a nitride, a 
carbonation thing, nitric oxides, and these mutual solid solutions, It is a covering 
sintered alloy which covers a tunic which becomes the surface of a base of a 
sintered alloy which becomes with an inevitable impurity by monolayer or a 
multilayer, A high toughness covering sintered alloy, wherein a crack does not 
exist in the surface of this tunic and compression stress more than 30 kgf(s)/mm 2 
is given to this hard phase in a base surface part up to 50 micrometers toward an 
inside from the surface of this base. 

[Claim 2]The high toughness covering sintered alloy according to claim 1 in 
which the above-mentioned tunic is characterized by thickness becoming at 
0.5-15.0 micrometers. 

[Claim 3]The above-mentioned tunic, Carbide of Ti, a nitride, carbon nitride, a 
carbonation thing, a nitric oxide, a charcoal nitric oxide and Ti and aluminum, Zr, 
Hf, V, Nb, Ta, Cr, Mo, one or more sorts in W of complex carbide, complex 
nitrides, compound carbonitride, a compound carbonation thing, a compound 
nitric oxide, a compound charcoal nitric oxide, The high toughness covering 
sintered alloy according to claim 1 or 2, wherein it becomes by one sort of 
monolayers or two or more sorts of multilayers selected from oxides of aluminum 
and compression stress more than 50 kgf(s)/mm 2 is given to this tunic. 
[Claim 4]The high toughness covering sintered alloy according to claim 1 , 2, or 3, 
wherein compression stress more than 30 kgf(s)/mm 2 is given to the 
above-mentioned hard phase covering this whole base surface part in a surface 
part of the above-mentioned base. 

[Claim 5]The high toughness covering sintered alloy according to claim 1, 2, 3, 
or 4, wherein compression stress in a surface part of the above-mentioned base 
serves as the maximum from the surface of the above-mentioned base in a 
position of a 5-15-micrometer inside toward an inside. 



TECHNICAL FIELD 



[Industrial Application]This invention about the covering sintered alloy which is 
excellent in shock resistance and defect resistance specifically, For example, it 
is related with the high toughness covering sintered alloy optimal as an abrasion 
proof tool or various kinds of tools represented by the cutting edge, such as a 
cutting tool and a canning tool, and the nozzle which are represented by a 
lathe-turning tool, a milling cutter tool, a drill, and the end mill. 

PRIOR ART 



[Description of the Prior Art]The covering sintered alloy which covers hard 
coating with chemical vapor deposition (CVD method), plasma CVD method, or 
physical vapor deposition (PVD) is used for the surface of the base of the 
sintered alloy represented by cemented carbide and the cermet. These covering 
sintered alloys tend to demonstrate the synergistic effect by the characteristic 
which was excellent in the base and the tunic combining the intensity and 
toughness which were excellent in the base, and the abrasion resistance and 
welding-proof nature which were excellent in hard coating. However, there is a 
problem that the remaining stress based on manufacturing conditions or the 
remaining stress based on the difference of the coefficient of thermal expansion 
by the construction material of a tunic and the construction material of a base 
**** a covering sintered alloy to the surface part of a tunic and a base, and is 
inferior to shock resistance, defect resistance, and peeling resistance in it, 
actually. 

[0003]Japan Institute of Metals 50(3) (1986) 320, JP,64-31972,A, and 
JP, 6-1 7301 4,A of Yamamoto and others are one of those typical by which the 
relation between the remaining stress which is inherent in a covering sintered 
alloy, and the various characteristics of a covering sintered alloy is considered. 
Heat treatment 29(1) (1989) 9 of Yoshikawa and others are one of those are 
examined about the remaining stress and distribution of a covering sintered 
alloy. 



[Detailed Description of the Invention] 
[0001] 

[Industrial ApplicationJThis invention about the covering sintered alloy which is 
excellent in shock resistance and defect resistance specifically, For example, it is 
related with the high toughness covering sintered alloy optimal as an abrasion 
proof tool or various kinds of tools represented by the cutting edge, such as a 
cutting tool and a canning tool, and the nozzle which are represented by a 
lathe-turning tool, a milling cutter tool, a drill, and the end mill. 
[0002] 

[Description of the Prior Art]The covering sintered alloy which covers hard 
coating with chemical vapor deposition (CVD method), plasma CVD method, or 
physical vapor deposition (PVD) is used for the surface of the base of the 
sintered alloy represented by cemented carbide and the cermet. These covering 
sintered alloys tend to demonstrate the synergistic effect by the characteristic 
which was excellent in the base and the tunic combining the intensity and 
toughness which were excellent in the base, and the abrasion resistance and 
welding-proof nature which were excellent in hard coating. However, there is a 
problem that the remaining stress based on manufacturing conditions or the 
remaining stress based on the difference of the coefficient of thermal expansion 
by the construction material of a tunic and the construction material of a base 
**** a covering sintered alloy to the surface part of a tunic and a base, and is 
inferior to shock resistance, defect resistance, and peeling resistance in it, 
actually. 

[0003]Japan Institute of Metals 50(3) (1986) 320, JP,64-31972,A, and 
JP,6-173014,A of Yamamoto and others are one of those typical by which the 
relation between the remaining stress which is inherent in a covering sintered 
alloy, and the various characteristics of a covering sintered alloy is considered. 
Heat treatment 29(1) (1989) 9 of Yoshikawa and others are one of those are 
examined about the remaining stress and distribution of a covering sintered alloy. 
[0004] 

[Problem(s) to be Solved by the Invention] According to Japan Institute of Metals 
50(3) (1986) 320 of Yamamoto and others, the covering sintered alloy by a CVD 
method is indicated that tensile stress is acting on both titanium nitrides which 
are tungsten carbide and the tunic which are the hard phases which exist in the 
surface part of a base. And in the literature of Yamamoto and others, the 
problem that anti-chip box intensity and a fracture toughness value fall extremely 



is indicated compared with the sintered alloy with which the covering sintered 
alloy according [ the covering sintered alloy by a CVD method ] to PVD or a tunic 
is not covered. 

[0005]To JP,64-31972,A, the covering sintered alloy which gave the compression 
stress more than 50kg[/mm ] 2 to the hard phase and/or tunic which exist in the 
base surface part of the covering sintered alloy by a CVD method is indicated. 
The covering sintered alloy of the gazette adds impulse force by the 
shot-peening method or the sandblasting method from the tunic surface of the 
covering sintered alloy by the conventional CVD method, The tensile stress 
which exists in the hard phase and/or tunic of a base surface part is made into 
compression stress, and although it is the outstanding alloy of having raised the 
intensity of the covering sintered alloy notably, there is a problem of becoming 
strength reduction conversely depending on the binder phase volume of a base, 
the thickness of a tunic, the membraneous quality of a tunic, and a multiplex 
layer tunic. 

[0006] According to heat treatment 29(1) (1989) 9 of Yoshikawa and others, to 
the covering sintered alloy by a CVD method, it restricts to the range **0.3 
micrometers near the interface of a base and a tunic, and it is indicated that the 
unusual stress distribution exists. 

[0007]And to JP,6-173014,A. Compression stress increases gradually toward an 
inside from the surface of the base of a sintered alloy, and it is indicated about 
the covering sintered alloy with which the tunic was covered on the base which 
gradually decreases after becoming the maximum compression stress in the 
inside of 2-20 micrometers from the surface, and has remaining stress in an 
inside. Although the covering sintered alloy given in the gazette has given 
compression stress to the base surface part, a crack will generate it on a tunic 
according to the impulse force for giving compression stress. Impulse force is 
actually applied from the tunic surface of a covering sintered alloy by methods, 
such as shot peening, Having given the crack to the tunic is indicated, for 
example to JP,2-108702,A, JP,2-254144,A, JP,3-92204,A, JP,3-92205,A, and 
JP,3-153875,A. Thus, when the crack has occurred on the tunic, there is a 
problem that exfoliation of a tunic becomes easy depending on the generation 
state of a crack. 

[0008]This invention is the above conventional problems what was solved, and 
specifically, It aims at offer of the covering sintered alloy which enabled it to 
maintain peeling resistance, and the shock resistance and defect resistance of a 



tunic to the highest by making it not make the tunic in a covering sintered alloy 
generate a crack, and giving the optimal compression stress for the base surface 
part of a sintered alloy. 
[0009] 

[Means for Solving the Problem] In a relation with a crack on the surface of a 
tunic generated at the time of grant of remaining stress given to a hard phase of 
a base surface part, and this remaining stress when this invention persons are 
examining an optimum value of compression stress given to a base surface part 
of a covering sintered alloy, Give compression stress of predetermined 
distribution to a position of a prescribed depth toward an inside of a base from 
the surface of a base, and. If it is made not to make the tunic surface generate a 
crack at the time of grant of this compression stress, the maximum's being made 
demonstrating a synergistic effect of the characteristic of a tunic and the 
characteristic of a base and knowledge that detachability, and shock resistance 
and defect resistance of a tunic are maintainable to the highest especially will be 
acquired, and it will come to complete this invention. 

[0010]Namely, 2 to 25 % of the weight of binder phases which become with a 
dissolution alloy in which a covering sintered alloy of this invention contains Co, 
nickel or Co, and/or nickel as the main ingredients, It is a covering sintered alloy 
which covers a tunic which becomes the surface of a base of a sintered alloy on 
which the remainder becomes with at least one sort of hard phases chosen from 
4a and 5a of the periodic table, carbide of 6a group metal, a nitride, a 
carbonation thing, nitric oxides, and these mutual solid solutions, and an 
inevitable impurity by monolayer or a multilayer, A crack does not exist in the 
surface of this tunic and compression stress more than 30 kgf(s)/mm 2 is given to 
this hard phase in a base surface part up to 50 micrometers toward an inside 
from the surface of this base. 

[0011]This invention is characterized by a base in a covering sintered alloy 
comprising the following. 

By cemented carbide or a cermet by which publicly known public use is carried 
out, consist of the former and specifically, For example, TiC, ZrC, HfC, VC, NbC, 
TaC, WC, Cr 3 C 2 , Mo 2 C, TIN, ZrN, HfN, VN, NbN, TaN, Ti (C, N), (Ti, Ta) One or 
more sorts of inner hard phases (C (Ti, Ta, W), N) of C, C (Ti, Ta, W), and C (Ti, 
Ta, Nb, W) (C (Ti, Ta), N). 

nickel, Co, nickel-Co alloy, or a binder phase to which an element and Fe of a 
hard phase dissolve severalpercent or less to these. 



In the case of a base which consists of a cermet which becomes by cemented 
carbide which becomes among these by a hard phase which uses WC as a base, 
or a hard phase which uses TiC and Ti (C, N) as a base, it is desirable especially 
from the effect becoming remarkable. 

[001 2] If the effect is weak even if a binder phase which constitutes a base 
controls stress which remains in a hard phase if it becomes less than 2% of the 
weight of the whole base, and it increases over 25% of the weight of the whole 
base conversely, In the range of remaining stress which constitutes this 
invention, since the effect became weak, binder phase volume of a base was 
determined as 2 to 25 % of the weight. Therefore, since hard phase volume is in 
binder phase volume and relative relationship, it consists of 75 to 98 % of the 
weight. 

[001 3]A tunic covered by the surface of a base which comprises the above hard 
phase and binder phase, In order to give compression stress to a base surface 
part which a crack does not exist on the surface of a tunic, and is explained in full 
detail below and to improve the characteristic as a covering sintered alloy, It is 
preferred that coating thickness becomes at 0.5-15.0 micrometers, and 
construction material of the tunic specifically, For example, TiC, TiN, Ti (C, N), Ti 
(C, O), Ti (N, O), Ti (C, N, O), C (Ti, aluminum), N (Ti, aluminum) (C (Ti, 
aluminum), N), (Ti, aluminum) (C,N,0 (Ti, aluminum)) (C, O) (N (Ti, aluminum), 
O). (Ti, Zr) A thing which become by one sort of monolayers in C (C (Ti, Zr), N), N 
(Ti, Zr), N (Ti, Hf), N (Ti, V), C (Ti, W), C (Ti, Cr), and aluminum 2 0 3 or two or 
more sorts of multilayers and to become is preferred, It is that it is preferred that 
compression stress more than 50 kgf(s)/mm 2 is furthermore given to the tunic 
itself. 

[0014]Although compression stress more than 30 kgf(s)/mm 2 should just be 
given to one place of a base surface part up to 50 micrometers toward an inside 
from a surface part of a base, compression stress given to a surface part of this 
base, It is preferred that compression stress more than 30 kgf(s)/mm 2 is given to 
the longest possible distance section toward an inside before 50 micrometers 
from the surface of a base, It is preferred that cover to [ whole ] 50 micrometers 
toward an inside from the surface of a base, and compression stress more than 
30 kgf(s)/mm 2 is given especially. As for compression stress in a surface part of 
a base at this time, it is preferred that it is the maximum from the surface of a 
base in a position inside 5-15 micrometers toward an inside. 
[001 5]A covering sintered alloy of this invention is producible by adding the 



optimal impulse force from the surface of a covering sintered alloy by a 
conventional CVD method or PVD, and controlling stress given to a hard phase 
of a base surface part. It is producible by making the tunic surface of a covering 
sintered alloy specifically carry out the flight collision of the substance which has 
the predetermined characteristic, for example as it is also with the shot-peening 
method or the sandblasting method with a prescribed speed. 
[0016]About a method of producing a covering sintered alloy of this invention, if it 
explains in detail, in order to give compression stress of a position and a 
predetermined size to a surface part of a base, will be greatly influenced with 
thickness of a tunic and construction material, construction material of a base, 
especially binder phase volume of a base, but. For example, a spherule in 
consideration of density, Young's modulus, a Poisson's ratio, and a diameter of a 
substance (quality of flying objects) which has the predetermined characteristic 
which carries out a flight collision from a shot peening condition, especially the 
tunic surface, Compressed air pressure and processing time which make this fly 
are controlled, and compression stress is given to a base surface part, without 
making the tunic surface generate a crack. 
[0017] 

[FunctionJThe covering sintered alloy of this invention carries out the operation 
for which the compression stress given to the hard phase which exists in the 
surface part of a base improves the shock resistance of the whole alloy, intensity, 
and defect resistance, Also in the case where a crack occurs in a tunic according 
to the big impulse force from the tunic surface at the time of practical use, When 
the operation for which the compression stress of the surface part of a base 
prevents progress to the inside of a base of this crack is carried out and a crack 
does not exist in the tunic surface further, there is no progress of a crack in a 
tunic and the direction of a base interface, and the operation which improves the 
peeling resistance of a tunic as a result is carried out. 
[0018] 

[Example 1] WC basis cemented carbide equivalent to commercial ISO standard 
M20 was used as the base, and 0.5-20-micrometer thickness covering of the 
tunic of N(Ti 0 . 5 , aluminunrio.s) 0.95 was carried out by the arc ion plating method on 
the surface of this base. Shot peening which carries out the predetermined time 
collision of the steel ball with an average diameter of 0.08 mm by the 
compressed air of 0.2 to 4.0 kgf/mm 2 was performed, and this invention article 
1-10 was obtained from the tunic surface of this coated cemented carbide. 



[0019]As comparison, the above-mentioned coated cemented carbide which 
does not perform shot peening was used as the comparison article 1-5. Except 
the ball which is quality of flying objects among shot peening conditions having 
been average grain 0.5 mm in diameter, it gave the approximately said 
appearance as this invention article 1-10, and the comparison article 6-8 was 
obtained. 

[0020]The compressed air pressure at the time of shot peening of this invention 
article 1-10 at this time and the comparison article 6-8 was shown in Table 1. In 
this way, the coating thickness of the obtained this invention article 1-10 and the 
comparison article 1-8 is measured with a scanning electron microscope, The 
result was written together to Table 1 , it asked for the remaining stress of a tunic, 
and the remaining stress in the base surface part depth from the surface of a 
base further by the 2 theta-sin 2 psi method by an X-ray diffraction method, and 
the result was written together to Table 1. All the remaining stress in the tunic 
and base surface part at this time was compression stress. 
[0021]Next, the tunic surface of this invention article 1-10 and the comparison 
article 1-7 (however, the comparison article 8 stopped the subsequent test for 
the edge-of-a-blade deficit at the time of shot peening) was observed with the 
metallurgical microscope, and the existence of the crack in a tunic was shown in 
Table 2. Using this invention article 1-10 and the comparison article 1-7, work 
material:S48C (with 4 slots), cutting speed: -- sending 150 m/min -- : -- 0.1 
mm/rev, it cut deeply and the periphery interrupted cutting examination was done 
as it is also at the conditions of :1.7mm, cutting oil:nothing, and tool 
shape:TNMA1 60408, and the result was written together to Table 2. 
[0022] 
[Table 1] 
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[0023] 
[Table 2] 
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[0024] 

[Effect of the lnvention]The covering sintered alloy of this invention is compared 
with the conventional covering sintered alloy which does not perform stress 
grant processing which is represented by the shot peening process, In being the 
covering sintered alloy of this invention in which it improved also about 80% - 6 
times in shock resistance and defect resistance, the especially whole base 
surface part was covered, and the compression stress more than 30 kgf(s)/mm 2 
was given, There being a prominent effect of improving also about 3.7 times - 6 
times, and stress grant processing are performed, It compares with the 
conventional covering sintered alloy which the crack has generated on the 
surface of a tunic, It improves also about 40% - 3.8 times, and in being the 
covering sintered alloy of this invention in which the especially whole base 
surface part was covered, and the compression stress more than 30 kgf(s)/mm 2 
was given, there is a prominent effect of improving also about 3 times - 3.8 times. 



